Warning! These are projected values and DO NOT
accurately represent the difficulty of a particular river
segment. Please use caution when using these data and
cross-reference with appropriate literature.

Last	
  Updated:	
  April	
  29,	
  2010	
  

PROJECTED	
  WHITEWATER	
  CLASSIFICATIONS	
  OF	
  MAINE’S	
  RIVERS	
  
ANDERS	
  NORDBLOM	
  ’10,	
  ENVIRONMENTAL	
  STUDIES	
  PROGRAM	
  
ES212:	
  INTRODUCTION	
  TO	
  GIS	
  AND	
  REMOTE	
  SENSING,	
  COLBY	
  COLLEGE	
  WATERVILLE,	
  ME	
  

	
  

ABSTRACT
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Whitewater canoeing, kayaking, and rafting is both a recreation and a business in the state of Maine. However, the
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importance of proper information when undergoing these activities is paramount for safety. This study used variables
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consisting of river width, slope, bedrock density, and flow volume to project the probability of rapids in sections of Maine’s

200000

rivers. This data was reclassified to model the whitewater classification scale defined by the international scale of river
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difficulty (I-V). The study was able to identify general locations, but likely overestimated the values. The classification with
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the highest number of segments was class IV with 805,153 and the lowest was class V with 88,564. All classifications were

Figure 1: Distribution of river segements in
Maine, based on difficulty with 1 being least
difficult and 15 most

found on each river segment yet higher classes where most often found on larger sections of rivers, and not tributaries. All
findings in this study should be cross-referenced with other literature to ensure safety on the river.

INTRODUCTION

RESULTS

Whitewater paddling has long been a recreational sport in Maine. However, the ability of paddlers to gain knowledge

Five maps were created to visually represent the data consisting of the four variables (Figure 2) and a combined

regarding a certain rivers classification is limited. Whitewater classifications are based upon an international scale of

weighted map. The combined weight map (Figure 1) shows the distribution of whitewater on rivers in Maine with flow

difficulty derived from the danger of swimming while on a river (AMC 2008). Classifications are divided into six classes

data. The AMC River Guide: Maine, American Whitewater.org, and Google Earth were used to cross-reference the

(Table 1). Though, classes are assigned by experts they might not always be consistent due to variability; therefore, before

findings. Overall the whitewater equation was able to identify areas of whitewater but there was an overestimating of

paddling a section of river literature should be cross-referenced to increase accuracy and knowledge of its particular

class. The graph of distribution of severity of rivers had a bimodal curve, when a greater number of flat-water and

features. Rapids, also know as whitewater, are created by river volume, elevation change, geologic formations, and width/

lower classification rivers would be expected then Class III and IV.

constrictions (American Whitewater 2009). The goal of this study was to uses these four factors to predict the classification

	
  

of a given section of river in Maine. With greater knowledge of the classifications of Maine’s rivers boaters will be safer,

The image to the left is a Google map
image and a GIS section of the same
river, where blue represents flat water
and red is class V. Thought the
section is only a Class III (AMC
2009), there is still a notable
similarities between the two.

and be better able to explore rivers which have little to no previous literature.

	
  

Kennebec

Table 2. The distribution of the
number of river segments (count)
in each of the whitewater
classifications and flat water.

Figure 1: (Above) Combined weighted values of slope, bedrock density, river width, and river
water volume reclassified into the international scale of river difficulty for Maine rivers.

METHODS
I used ArcGIS 9.3 (ESRI) to analyze and map data from four data sets: Digital Elevation Model (DEM) at 30m and bedrock
data from Maine Office of GIS, river water volume data from the USGS, and map of the rivers and streams in Maine from

Figure 2: (Bellow) A) Slope. B) Bed Rock Density. C) River Width. D) River Water Volume
mapped onto Maine rivers with flow data. Higher numbers denote a higher unit. Ex: A slope of
10 is the greatest slope found within the data set and 1 was the smallest value found

DISCUSSION
The whitewater was predominantly found in the larger stems of rivers and not in the tributaries. The total distributions

ESRI. The DEM30 was converted into degree slope, and then was reclassified into a one to ten scale with ten being the

of classes are seen as above. One would expect to see the rivers become less difficult as traveling towards the coast,

highest value found. The bedrock types were arranged from least to greatest density, based upon the premise that denser

however it remained consistently high. To more accurately represent the whitewater classifications in Maine, flow data

rocks are more likely to become obstacles in the river rather than being eroded away (Humphrey 1990). A ranking was

A

B

is needed for every river, otherwise the extrapolated values will skew the data. With more time a refined relationship

given to each bedrock type from 1-1,415, where 1,415 is the densest, and then reclassified into a one to ten scale. The rivers

between the variables would also yield more accurate results. The addition of percent constriction or widening of a

widths were then measured to form a relationship with volume. This measurement was derived from the Euclidian, straight

river segment would also allow for a more accurate representation of the whitewater classification. However,

line, distance from shore to the mid-point on the river. Again the data was reclassified on a one to ten scale for both volume

identifying individual features on a river, due to obstructions, will always be a limitation.

	
  

and width. The USGS flow data, representing a volume station, was translated onto the map and then related to the river on
which it presided (USGS, 2010). The volume emitted from each station, in cubic feet per second (cfs), was then joined to

CONCLUSIONS

the associated polygon, and then all polygons interesting the original were given the same cfs value. This allowed the mean

Using ARC GIS I was able to derive a rough estimate of the classifications of the rivers with flow data in Maine.

monthly data from April for each station to be represented on its designated river. I selected the month of April because its

However, I empathize that these are projections and display general trends, and will not be able to identify specific

being the peak time for recreational whitewater boaters.

features on the rivers. Though likely over estimated, there are sections that are not an accurate representation of the

All other rivers in Maine were then removed due to their lack of flow data. The three other variables, width, bedrock, and
slope, were clipped to the polygons with flow data. All four variables where segmented by a

1.3km2

river. I recommended that these findings be cross-referenced with literature such as the AMC River Guide: Maine and

grid system creating

AmericanWhitewater.org to obtain the best information possible.

river segments with unique identification numbers and distances of 1.3km or greater. All segments of each variable were
combined through an equation to create a scaling relationship between points. With higher values predicting a probability of
rapids and vise versa.

WWE= EC x (((1/W) x (10Vw)) + B)) = 0-1,100
The whitewater equation (WWE) comprised the four variables: Elevation Change (EC), Width (W), Water Volume (Vw),
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and Bedrock Values (B). The inverse of width was used because the wider the river the more unlikely the river is to produce

REFERENCES

significant whitewater this is due to the water needed is greater (Lane et al 1999). A coefficient of ten was added to water
volume to increase the relationship with width diminished by taking the inverse. The combination of the two variables
width and volume’s median possible value also had to be equal or greater then bedrock, because of a greater contribution in
the production of whitewater. However, the three variables without elevation change would not produce rapids. The
multiplication of elevation change with the product of width, volume, and bedrock made elevation change the most
influential variable. The product ranged from zero to 1,100 as seen above, and then was reclassified into six categories
through geometrical intervals. The six derived categories were associated the classification scale with category 1= flat
water, 2= Class I, 3= Class II ect.

American Whitewater. 2009. AW in the NorthEast. http://www.americanwhitewater.org/. March 30, 2010.
Appalachian Mountain Club (AMC). 2008. River Guide: Maine. Global Pequot Press. Guilford,
Connecticut.
Humphrey, J.A.C. 1990. Fundamentals of fluid motion in erosion by solid particle impact. International
Journal of Heat and Fluid Flow. 11(3):170-195
Lane, S.N. K.F, Bradbrook, K.S, Richards. P.A, Biron, A.G, Roy. 1999. The application of computational
fluid dynamics to natural river channels: three-dimensional versus
two-dimensional
approaches. Geomorphology. 19(1-2):1-20
USGS, Surface-Water Monthly Data for the State of Maine. http://waterwatch.usgs.gov/. March 24, 2010.
Access March 24, 2010.

	
  
Back Ground Photo: West Branch of the Penobscot River, Rapid Crib Works

